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ATF	main	beam	parameters

Parameter Typical	value	/	
range

Best	value

Energy 30-80	MeV 80	MeV

Charge 0.1	– 1	nC 3	nC

Repetition	rate 1.5	Hz 10	Hz

Electron	spot	 size	on	cathode 2.86	mm 0.2 – 4	mm

Bunch	length 1-8	ps 100	fs with	compression

Average bunch	current 100	A 1.5	kA	with	compression

Emittance 1 – 3	mm	mrad 0.8	mm	mrad@	0.5	nC

ATF (BLDG.820) 

ATF II(BLDG.912) 
 

29 

Exp. Halls:  Shielded 
area: 

Total 
floor: 

x5 x7 x3 

E-beam energy 
 80 MeV         500 MeV 

Laser peak power 
1 TW      100 TW 

MAJOR FACILITY UPGRADE 
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New	ATF	capabilities

• UED	beamline
• X-band	deflector	cavity
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Ultrafast	Electron	Diffraction	beamline
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Setting	time	delay	
and	integration	time

By	courtesy	of	Junjie Li
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UED	at	BNL	milestones

• UED	beamline was	in	operation	at	BNL	Source	
Development	Laboratory	since	2010

• In	2016	beamline moved	to	Bldg 912	and	
become	part	of	ATF	II	facility	complex

510/26/16 ATF	User	Meeting	October	26-27,	2016
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UED	and	
Laser	Room

CO2 Laser	and	
Experimental	Area

Experimental	Hall	#1

Experimental	Hall	#2

Gun	&	Linac

RF	&	Electronics	
Equipment	Room

ATF-II	in	BNL	Bldg.	912



UED	beamline at	Bldg 912
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RF	system

modulator

klystron Gun

detector

sam
ple	

cham
ber

Laser	system	
table

Beam	source:	
photocathode	gun	1.6	cell	2,856	MHz

Operational	beam	energy:	2.8	MeV
Operational	beam	charge:	1	pC

Laser:	
Ti:Sapphire,	pulsed	160	fs
1	µJ at	photocathode
100	µJ at	sample	chamber	
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ATF	UED	milestones
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• December	2015:	new	layout	was	developed	and	
approved	

• January	– February	2016:	RF	system	and	beamline
was	assembled	in	new	location

• March	2016:	RF	system	was	commissioned,	
klystron	and	gun	were	conditioned	to	operational	
power,	control	system	was	ready	for	operation

• April	2016:	UED	readiness	review;	laser	system	
commissioning

• May-June	2016:	beamline commissioning, dark	
current	and	first	beam	observed	at	detector

• June	2016:	first	diffraction	pattern	at	detector
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UED	commissioning
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June	1,	2016:	dark	current	
observation	on	1st BPM

Sol	=115	A

Sol	=100	A

June	30,	2016
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Most	recent	diffraction	data
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October	4,2016

June	30,	2016
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Future	UED:	bunch	compressor
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Photo-
cathode	
RF	gun

Focusing	
quads

Compressor	
chicane

Focal	point

We	developed	a	novel	unconventional	scheme	to	combine	the	correlated	energy	
spread	with	the	energy	dependent	path	length	to	compress	the	electron	bunch.	
The	main	point	 is	to	use	space	charge	to	generate	the	time-energy	correlation.

Unconventional	compressor	developed	 in	electron	beam	slicing	:
Focusingà space	charge	increase	energy	of	electrons	at	head	(chirped	bunch)à
high	energy	particle	comes	earlier,		but	takes	longer	path	(	R56>0	)	à compression	

Approach:	Use	space	charge	effect	to	compress	and	focus	electron	
bunches	in	space	charge	dominated	domain By	courtesy	of	Li	Hua	Yu
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Deflector	cavity
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Motivation 
! X-band deflecting cavity offers 

unique longitudinal diagnostic 
capabilities 

!  Important features: 
!  excellent temporal resolution 

!  single-shot measurements 

!  no pre-assumptions about the 
beam current profile 

!  directly map the electron beam 
longitudinal phase-space 

! more reliable than other methods 
 

Alex Murokh 
RadiaBeam Technologies, LLC 

 
ATF Users Meeting 

    04/27/2012 
 

X-Band Traveling Wave  
Deflecting Mode Cavity 
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Deflector	parameters	and	beam	optics
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NORMAL CONDUCTING RADIO FREQUENCY X-BAND DEFLECTING 
CAVITY FABRICATION AND VALIDATION* 

R. Agustsson, L. Faillace, A. Murokh, S. Storms  
RadiaBeam Technologies, Santa Monica, CA 90404, USA 

J. Rosenzweig, UCLA Department of Physics, Los Angeles, CA 90095, USA 
D. Alesini , INFN/LNF, Frascati, Italy 

V.  Dolgeshev,  Stanford  Linear  Accelerator  Center,  Menlo  Park,  CA  94025, USA  
V. Yakimenko, Brookhaven National Laboratory, Building 820 M, Upton, NY 11973, USA 

Abstract 
An X-band Traveling wave Deflector mode cavity 

(XTD) has been developed at Radiabeam Technologies to 
perform longitudinal characterization of the sub-
picosecond ultra-relativistic electron beams. The device is 
optimized for the 100 MeV electron beam parameters at 
the Accelerator Test Facility (ATF) at Brookhaven 
National Laboratory, and is scalable to higher energies. 
The XTD is designed to operate at 11.424 GHz, and 
features short filling time, femtosecond resolution, and a 
small footprint. RF design, fabrication and RF validation 
and tuning will be presented. 

INTRODUCTION 
Some of the most compelling and demanding 

applications in high-energy electron beam-based physics, 
such as linear colliders[1], X-ray free-electron lasers[2], 
inverse Compton scattering (ICS) sources[3,4], and 
excitation of wakefields in plasma for future high energy 
physics accelerators[5,6] now require sub-picosecond 
pulses. Thus, improvement in resolution and capabilities 
of fast longitudinal diagnostics is needed. 

To this end, RadiaBeam has developed an X-band 
Traveling wave Deflecting mode cavity (XTD) to be 
utilized for direct longitudinal phase space measurements 
of compressed electron beams. The XTD takes advantage 
of the greater efficiency and compactness of X-band RF 
structures; which naturally allows extension of the 
technique to very high energies, necessary for next 
generation light sources and linear colliders. 

RF DESIGN 
The RF design was carried out with the 3D 

electromagnetic code HFSS v12. The final design 
parameters are shown in Table 1. 

FABRICATION 
The XTD is fabricated from OFE 101 F68 Class1 Cu, 

with the exception of the SS tuning pins, water fittings, 
SLAC crush seal style RF flanges and vacuum flanges.  

Detailed manufacturing guidelines, handling, storage 
and cleaning procedures, critical to the successful 
realization of any RF cavity, have been established and 
internally documented. Travelers have been utilized to 
document the fabrication of the device, from raw material 
to final leak testing.  
*work supported by DOE SBIR grant DE-FG02-05ER84370 

Table 1: XTD design performance 

Parameter Value 

Field amplitude, √E/P1/2 8.48 kV/mW1/2 
Group velocity, vg  0.0267c 
Attenuation factor, α 0.66 m-1 
Cavity length, LT 0.40 m 
Number of cells, N 45 
 

 

Figure 1: Brazed XTD prototype ready for tuning. 

The mechanical design and fabrication of the XTD 
structure was informed and guided by tolerancing studies 
performed in HFSS. All dimensional deviations 
encountered in the manufacturing of the device will be 
overcome by the incorporation of tuning pins. These pins 
allow for a total of 15 MHz of resonant frequency 
modification per cell by means of dimple tuning. Each 
cell includes ‘mode separation’ geometries whose 
alignment is accomplished with the incorporation of a 
clocking grove on the outer diameter of each cell. Axial 
alignment of each cell is also built into the cell geometry. 
All fabrication was performed at Radiabeam Technologies 
with high-speed CNC lathes and mills. Non-sulfur 
containing cutting fluids will be employed to ensure UHV 
compatibility and simplify the chemical cleaning 
processes.  

All UHV copper and stainless steel components were 
subjected to a version of the SLAC C01 and C02a 
cleaning procedures, custom tailored in consultation with 
the SLAC MFD, prior to braze. These cleaning processes 
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downstream of the deflector to disperse the momenta of 

the beam along the non-deflecting axis. Thus, one may 

expect that the longitudinal phase space will be displayed, 

subject to uncertainty introduced by the finite betatron 

beam size, at the post-dipole detector. The 

implementation of this type of measurement at ATF-BNL 

photoinjector is discussed in the experimental plans 

section.  

DESIGN CONSIDERATIONS 

The overall design philosophy of the X-band RF 

deflector is set by the need to maximize the RF deflection 

of a particle with a given arrival time �t  different from 

the design particle. As the deflection observed at the 

detector screen is given by, 

�x
d
= �

RF
�t �

d
�

f

eV
0

E

�
�

�
� sin �� �( ) ,           (1) 

where �
d
,  �

f
 are the beta-functions at the deflector and 

screen, respectively, �
RF

 is the RF frequency, V
0

 is the 

RF voltage, E  is the beam energy, and ��
�

 is the phase 

advance between deflector and detector (naturally chosen 

to be near �/2). For a clear measurement, a meaningful 

deflection value must exceed the betatron beam size of 

�
�
= �

f
� , where � is the geometric emittance. To 

satisfy this condition, even when, as in some applications 

under consideration, �t  is of the order of 10 fsec, large 

�
d

 is desired. The upper limit of �
d

 is defined by the 

aperture acceptance of the X-band cavity. 

      

Figure 1: An HFSS model of the deflecting mode 

excitation (left), and transverse electric and magnetic 

fields amplitudes for 3-cell numerical XTD model (right). 

Additionally, Eq. 1 explicitly shows the advantages of 

high frequency (�
RF

), and a high RF voltage (V
0

) values. 

To achieve a higher voltage, it is natural to increase the 

length of the deflector, which can only be accomplished 

straightforwardly by use of a traveling wave device. As in 

a traveling wave RF linac, an optimum length of a 

deflector structure is just over one RF attenuation length. 

Finally, we note the explicit energy dependence in Eq. 1 

favoures low beam-energy operation, even with the 

natural damping of beam size (through emittance) as 

E
�1/ 2

. 

The RF design of the XTD was initially specified by 

examining the single cell and a short structure behaviour 

using the commercial 3D electromagnetic modelling code 

HFSS v10.0. The results of the short structure analysis 

were extrapolated to the behaviour of the whole device, 

and the final design parameters are shown in Table 1. The 

field balance for a model structure comprised of three full 

cells and two coupling cells is displayed in Figure 1. The 

transverse electric field is, as expected, lower in the 

coupling cells, and nearly balanced in the interior cells. 

The transverse magnetic field is more balanced due to the 

mode profile: it does not notably penetrate into the beam 

tubes.  

Table 1: XTD design performance 

Parameter Value 

Field amplitude, �E/P1/2 8.48 kV/mW1/2 

Group velocity, vg  0.0267c 

Attenuation factor, � 0.66 m-1 

Cavity length, LT 0.46 m 

Number of cells, N 53 

Power ratio, Pout/Pin 0.55 

FABRICATION AND TUNING 

The XTD is currently in the final stages of fabrication 

with one last prototype scheduled for brazing prior to 

completion of the final XTD structure. The entire device 

is fabricated from OFE 101 F68 Class1 Cu, with the 

exception of the SS tuning pins, water fittings, SLAC 

crush seal style RF flanges and vacuum flanges.  

Proper handling and cleaning procedures are critical to 

the successful operation of any RF cavity and detailed 

travelers have been utilized to document the fabrication of 

the device, from raw material to final leak testing. Each 

copper component is also subjected to a modified version 

of the SLAC C01 cleaning procedure prior to braze. All 

fabrication will be performed with CNC lathes and mills, 

with a revised asymmetric waveguide taper eliminating 

the need for EDM processing. Non-sulfur containing 

cutting fluids will be employed to ensure UHV 

compatibility. 

The mechanical design and fabrication of the XTD 

structure was informed and guided by tolerancing studies 

performed in HFSS. All dimensional deviations 

encountered in the manufacturing of the device will be 

overcome by the incorporation of tuning pins (Figure 2). 

These pins allow for a total of 15 MHz of resonant 

frequency modification per cell by means of dimple 

tuning. Each cell includes ‘mode separation’ geometries 

whose alignment is accomplished with the incorporation 

of a clocking grove on the outer diameter of each cell. 

Axial alignment of each cell is also built into the cell 

geometry. 
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Deflector	conditioning	milestones	
• March-April	30m	waveguide	and	cavity	were	
conditioned		to	8	MW	power

• In	August	power	raised	to	22	MW
• In	September	deflector	with	power	window	
was	installed	on	Beamline #2

• September-October	deflector	was	
reconditioned	at	beamline power	increased	to	
30	MW

1410/26/16
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Deflector	on	beamline layout
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Deflector	cavity Experimental	
chamber

Spectrometer	
screen
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Conditioning	is	done.	
20	MW	of	power	is	delivered	
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Back	up	slides
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W.	E.	King,	 et	al.,	J.	Appl.	Phys.	97,	111101	(2005)

By	courtesy	of	Junjie Li

Structural	changes	in	nature
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(b)
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La2−2x	Sr1+2x	Mn2O7

Z.	Sun,	et	al.,PNAS 108,	11799	(2011)
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